INTRODUCTION
Hydroponic wastewater treatment is a technology that enjoys unfading interest among scientists and engineers throughout the world. It is based on using the ability of aquatic plants to uptake biogenic compounds (nitrogen and phosphorus) from wastewater and to use them as fertilizer components intensifying plant growth. Several research has shown that plants are able to survive and grow well in environment rich in high concentrations of biogenes and even heavy metals [Parzych, Cymer et. al., 2015] . Pre-treated wastewater, flowing through the root system of macrophytes, is utinitrogen and phosphorus compounds. Such solutions are usually applied in locations where full sewerage of the area is impossible (rural areas), in small home wastewater treatment systems or in facilities accepting wastewater from small districts or public utility objects [Rababah, Ashbolt, 2000] . Such systems that do not use soil substrate may be successfully applied for the production of industrial and ornamental plants, which can utilize flowing wastewater as a source of fertilizer components [Monnet, Vaillant et al., 2002] , what results in significant savings during the production. It has also been proven that hydroponic installations may provide a solution for the difficult issue of utilization of wastewater from fishing farms, which, instead of becoming waste that requires disposal, may become a source of nutrients for biomass production [Keeratiurai, 2013] . Traditional wastewater treatment methods are costly solutions that generate a large amount of sludge, which in turn leads to problems with management or disposal [Vaillant, Monnet et al., 2003 ]. However, hydroponic systems are becoming more popular in wastewater treatment plants for small towns or villages as the third stage of treatment, thus supporting such traditional solutions as activated sludge or biofilm. Plant-based treatment systems that use the ability of macrophytes to uptake nutrients dissolved in wastewater are also applied at numerous industrial objects, mainly food processing plants in their treatment facilities.
Plants used in hydroponic installations usually originate from the region where the treatment plant is constructed. They are resistant to high pollutant loads that are changeable in time. Their main role is the final treatment of flowing wastewater by means of using adsorption and absorption processes [Li et al., Asao 2012] . The direct role of plants in the wastewater treatment processes has been confirmed in numerous scientific studies that demonstrate that the level of accumulation of biogenic compounds, comparing to natural biogenes levels in selected plant tissues ranged from 18.97 to 57.40 % for total nitrogen and from 17.60 to 42.54% for total phosphorus [Adrover et The use of the natural environment for wastewater treatment purposes is quite common. Most popular solutions are small wastewater treatment installations that combine the operation of soil and plant environment. [Dębska, Jóźwiakowski et al., 2015] These systems, which are popular throughout the world, are used not only for the purposes of domestic wastewater treatment but also for the treatment of landfill leachate and leachate from fields [Wareżak 2013, Wójcik W. 2013, Ebrahimi 2013] . The aim of this study is to present the effects of the treatment obtained for plants using the hydroponic technology (which is not very popular in Poland) with respect to possible seasonal changes.
RESEARCH OBJECTS
The analysis of the seasonal changes in the effectiveness of the reduction of nitrogen and phosphorus compounds from wastewater was conducted basing on the data obtained from hydroponic wastewater treatment plants located in Poland and Hungary, using the BIOPAX and Organica technology.
The first analyzed object is located in the town Paczkow, in the south-western part of the Opolskie Voivodeship. The community Paczkow borders the Lower Silesian Voivodeship on the north and west and the Czech Republic on the south. The wastewater treatment plant was constructed and put into service in 1999. The design capacity allows it to accept wastewater from an equivalent of 22 396 inhabitants. Currently, it accepts municipal sewage from approx. 7000 inhabitants of the community, of which approx. 51% is covered by the sewage system. Daily capacity equals approx. 2500 m 3 /d. The plant accepts, on average 1350 m 3 of wastewater daily, of which 500-700 m 3 are delivered by slurry tanks. After a three-stage treatment process, the wastewater is discharged by a system of drainage ditches to the Nysa Kłodzka River.
The first stage of wastewater treatment consists of screens and a separator whose task is to remove solid contaminants. The next stage consists in biological treatment that takes place in a circulation hybrid biological reactor, using both suspended biomass (activated sludge flocks) and submerged biofilters (settled biomass). The reactor is divided into three functional zones -anaerobic zone on the inlet and alternately placed anoxic and aerobic zones, where the processes of nitrification and denitrification take place. The aeration of aerobic zones occurs basing on jet aerators that are characterized by lower energy consumption, in comparison to other aeration systems [Sadecka, Waś, 2007] . After the sedimentation process that takes place in the secondary settling tank, wastewater is directed to a flow hydroponic lagoon constituting the third stage of treatment in the technological chain. The river bed of the lagoon has been shaped to resemble an artificial river, and its working capacity is 530 m 3 , which allows for a five-hour flow of wastewater [Zawałek, 2010] . Floating panels (app. 2.0×2.0 m) covers 70% of hydroponic lagoon surface. They are overgrown by macrophytes like Pistia stratiotes, Myriophyllum verticillatum, Limnobium laevigatum and Eichhornia crassipes. Additionaly submerged vertical panels overgrown by periphytic algae are installed to separate individual sectors and improve N and P removal. The flow lagoon is isolated from atmospheric conditions that might have a negative influence on treatment effectiveness with polycarbonate panes which provide a greenhouse effect -high solar irradiation, high temperature (up to 40 °C in the summer) and high air humidity (60-90%). The task of this «artificial river» is to provide final treatment of wastewater discharged from the secondary settling tank through self-purification processes that occur in natural river ecosystems as a result of the activity of microorganisms, aquatic organisms and plants, additionally intensified by aeration.
The Hungarian object is a wastewater treatment plant located in the town of Szarvas, in the southeastern part of Hungary, in the Békés comitate. It is a hydroponic plant that has been operating since 2008, accepting industrial wastewater from the Gallicoop poultry processing plant. The size of the object expressed as a number of population equivalent is 6200 and its capacity equals 1100 m 3 /d Treated wastewater is discharged to an adjacent stream.
The first stage of treatment in Organica systems (also known under the name Veolia System) is pre-treatment with the use of grills, screens and in a grit separator. After balancing the outflow, the wastewater is directed to the pre-reactor in form of an anaerobic tank. This is where the denitrificationand sedimentation processes take place. Pretreated wastewater is then directed to the main reactor -aerobic tank -where the processes of COD removal, nitrification and biological dephosphatation occur. The aerobic tanks are covered by floating supporting grids, overgrown with plants with well-developed root systems directly submerged into the wastewater to the depth of approx. 1.5 m. Such root systems enable macrophytes to uptake nitrogen and phosphorus compounds that are present in the wastewater and the roots themselves constitute a support for developing bacteria, algae, protozoa and even slugs or clams. The whole treatment facility is located under a greenhouse roof, which provides optimal climate conditions for plant vegetation and for the activity of all kinds of organisms responsible for the wastewater treatment processes throughout the year.
RESULTS AND DISCUSSION
The analyzed results of tests of the effectiveness of the reduction of biogenic compounds from wastewater for the wastewater treatment plants in Paczkow and in Szarvas encompass a three-year period: 2009-2011. Neither the Polish nor the Hungarian facility is required to maintain appropriate concentrations of nitrogen and phosphorus in water discharged from the plant. Analyses of the concentration of various forms of total nitrogen and phosphorus are carried out as ordered by plant managers in order to control the effectiveness of the conducted treatment processes. Analyzes of total nitrogen and total phosphorus in wastewater from Paczkow WWTP were made with the use of research methods commonly used in Poland: PN-73/C-04576.14 and PN-EN ISO 6878:2006. Analyzes of biogenes concentrations in wastewater from WWTP in Szarvas were based on rapid tests -test with Nessler's Reagent for ammonia nitrogen and test with VM Phosphate Reagent for total phosphorus concentration. The concentration of biogenic compounds in raw and treated sewage from the wastewater treatment plant in Paczkow is tested once a month at an accredited laboratory in Pszczyna. The quality of raw and treated sewage from the facility in Szarvas is tested in an on-site laboratory. These tests include the determination of total phosphorus, ammonium and nitrate nitrogen. The results of tests of raw sewage flowing into the plants in Paczkow and Szarvas are presented in Table 1 .
The tests results of the quality of raw sewage in the Polish and Hungarian objects show that the analyzed outflows from both plants are characterised by similar values of total phosphorus concentration. As far as the concentration of nitrogen compounds is concerned, the plant in Paczkow was characterised by high concentrations of this element in raw sewage. The changes within the analysed period ranged from 67.33-70.80 mg/ dm 3 . For the plant in Szarvas, the analysed parameter was ammonium nitrogen which maximum concentration in analyzed period reached 9.25 mg/dm 3 in 2011. Ammonia nitrogen in domestic wastewater comes mostly from biochemical decomposition of organic compounds and may constitute up to 60% of total nitrogen [Jordanowska, Jakubus 2013] . Concentrations of total nitrogen as well as ammonia nitrogen in poultry processing wastewater can be double or even triple the concentrations of those compounds found in domestic sewage [Canter, Harfouche, 2000] .
Mean effectiveness of the reduction of biogenes in summer and winter months and throughout the year is presented in Figures 1 and 2 . Data shown in the diagram demonstrate that in the years 2009 and 2010 the highest effectiveness of total nitrogen reduction was obtained in winter months, while the lowest -in summer. However, it was expected that the results would be similar as in 2011, when the highest effectiveness of total nitrogen concentration The distribution of effectiveness of phosphorus reduction from wastewater is similar to that of total nitrogen (Figure 2) . In two initial years of observations (2009 and 2010) the lowest effectiveness of total phosphorus concentration reduction was obtained in winter months, while the lowest values were noted in the summer period.
In the last year of observations the highest effectiveness was noted in summer, and the lowest in the winter period. As far as phosphorus reduction is concerned, mean reduction effectiveness exceeds 94% and it is much higher than the nitrogen reduction ability, which is connected with the existence of additional phosphorus reduction processes in the technological chain.
The plant located in Szarvas, Hungary, uses wholly natural treatment processes for organisms connected with the aquatic ecosystem and plants, without any chemical support. Apart from COD values and the concentration of total suspended solids, also analyses of ammonium nitrogen and total phosphorus concentration in wastewater are used for the purposes of quality control of the treatment process. Effectiveness of ammonium nitrogen reduction on the system is significantly higher than for the reduction of total phosphorus. In winter months, in all the analyzed years, it sometimes occurred that the phosphorus was released to the system instead of being eliminated (which results in negative values of treatment effectiveness). Considering the fact that the highest amounts of phosphorus were released in January and December, when air temperature is the lowest, and the fact that the wastewater treatment plant does not use any heating systems in winter months, it may be concluded that the decreased effectiveness of phosphorus reduction on the outflow was caused by climatic factor. Mean annual effectiveness of biogenes reduction from wastewater and operating effectiveness in the summer and winter periods is presented in Figures 3 and 4 . Data shown in the diagram demonstrate the changeability of the mean ability to reduce ammonium nitrogen in the plant based on Organica technology, with the use of natural self-purification processes supported by solar energy. In the years 2009 and 2010 the highest mean effectiveness of the reduction of ammonium nitrogen was noted in the summer period, when the activity of microorganisms and plants is the highest. In the colder part of the year, a decrease in the effectiveness of the reduction of this pollutant was noted in comparison to both the whole year and to the summer period. A reverse trend was observed in 2011, when the highest effectiveness of reduction of ammonium nitrogen was noted in winter months and was much higher than the average for summer.
CONCLUSIONS
The observations of the operation of the facilities and physical and chemical analyses of the content of sewage subject to treatment with the use of hydroponic technology led to the following conclusions:
The hydroponic wastewater treatment plant in
Paczkow had a high mean annual effectiveness of the reduction of pollutants (nitrogen and phosphorus compounds): 75.6% for total nitrogen and 96.8% for total phosphorus.
2. In the summer half-year (2009-2010) the mean annual effectiveness of the reduction of nitrogen compounds was lower than in the winter period. A reverse trend was observed in 2011. The system capability for the reduction of phosphorus compounds was similar.
3. Mean annual levels of the reduction of nitrogen and phosphorus compounds for the facility in Szarvas in the analyzed period amounted to 92.8% -ammonium nitrogen and 51.2% for total phosphorus.
4. In the years 2009 and 2010 in the summer half-year a higher effectiveness of the reduction of both ammonium nitrogen and total phosphorus was noted, in comparison to winter months. In 2011 the winter half-year was characterized by a higher effectiveness of reduction of biogenic compounds.
